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Abstract description: Pollinator populations are declining, leading to a global issue. This
is due to human interference through intense agricultural production, habitat
fragmentation, and pesticide use. Pollinators, mostly insects, are important for the
reproductive success of plants and also provide many other benefits to humans like
helping produce the foods we commonly eat. To be able to survive, pollinators need to
have proper shelter and nectar. One way to supplement these needs for pollinators is
creating pollinator gardens. Pollinator gardens should include a mix of trees, shrubs, and
flowers that have large nectar rewards and are species that are preferred by pollinators to
encourage more visits by pollinators. Creating pollinator gardens allows humans to be
able to support pollinators and help them produce more generations to help the issue with
declining populations. Education is also a crucial part of pollinator preservation. Most
people are unaware of the benefits of pollinators and are unconcerned with the thought of
living without them. Some ways to educate the public are through conferences, education
booths at events, nature centers and implementing lesson plans in schools. Through
education and awareness, along with the creation of pollinator gardens, there is hope for
the conservation and growth of pollinator populations for generations to come.
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Eighty percent of plants require pollination, and more importantly one in three bites
humans take are the result of pollination (Lawton 3). Pollinators are organisms, mainly
insects, which are essential to the ecosystem and ensure the maintenance of ecological
processes like pollination to promote the reproductive success of most native and
cultivated plants (Patricio-Roberto et al. 159). Pollinators are a crucial part of the world
as we know it, however most people are unaware of their current detrimental state based
on human interference. There are many practices happening in the world today that have
created a drastic decline in pollinators. In Chauhan’s research, she states, “Land
clearance, habitat fragmentation, changing agricultural practices, herbicides, pesticides
and the introduction of non-native exotic plants and pollinator species have resulted in
pollination crises” (883). These different types of human interactions with the
environment are degrading the land and ecosystem altogether, which is causing pollinator
populations to plummet. There are many ways the world has been given warning signs of
pollinator declines; however, it seems that most people are choosing ignorance over
awareness and advocation. Specifically, evidence can be found in Myrna Watanabe’s
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article that states, “People saw a handful, if any, in their gardens, and scientists say that
the number of monarchs that overwintered in Mexico in 2012–2013 was only 59% of
those that overwintered the year before— resulting in the smallest population of
monarchs ever counted in Mexico” (5). These are human activities that are putting our
pollinators at risk and could eliminate them altogether in the future if the situation is not
amended. Through education about pollinators and creating pollinator gardens, humans
can bring awareness to this growing problem and hopefully make a difference for future
generations of the world.
Pollination is required for most plants to be able to produce fruit and seed. Although
some vegetables and fruit trees are able to produce without being pollinated, there are
many that are self-fertile and need help from a pollinator in order to produce the fruit.
Pollen is the small yellow grains that contain reproductive material for plants (See Figure
1). It is commonly seen as yellow or white dust you see on cars in the spring, or the
yellow clumps on the legs of bees. Pollen can be dispersed in many ways, some in which
do not require pollinators. In gymnosperms, or naked seed plants, pollen dispersed
through the wind can be caught in fluid excreted from each freely exposed ovule;
however, in angiosperms, or flowering plants, the pollen has to be deposited into the
plant’s stigma, where it germinates (Real 1). This is one of the main reasons that it is
crucial to preserve our pollinator populations, in order to ensure that the crops that cannot
pollinate themselves will not all die off. However, not only are pollinators beneficial for
producing crops, but the pollination process also has profound effects on other aspects of
the environment that may be unexpected. According to Singh and Adhikary, “Improved
pollination can shorten the time between flowering and fruit set, minimizing the risk of
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pests, disease, bad weather, and agrochemical exposure while also conserving water”
(156). Although these benefits are not as widely known, spreading this information could
give people a new perspective on why pollinators are so important to us. Pollination is
more than just producing fruit, and without our pollinators, we would be able to see more
problems show up from their absence after it is too late to save them. Educating the
public on pollinators and pollinator gardens will allow humans to have a greater
opportunity to save the population of bees, butterflies, hummingbirds, bats and other
pollinators we have now.
Although there are many types of pollinators, not all of them carry out the same
purpose. For example, certain types of pollinators may be more efficient when pollinating
specific plants or performing specific roles. As stated by Diane Campbell, “Different
types of pollinators (for example, bumblebees vs. birds) have different energetic
requirements, morphologies, and sensory systems that may lead them to visit plants with
different suites of floral traits” (265). All pollinators have different features that are built
for specific plants so that they may benefit more from certain species of plants and be
successful in surviving. For example, hummingbirds have longer beaks which makes it
easier to get nectar and pollinate slender plants. Where bees are smaller and have to get
closer to the actual plant, they may not be able to do this as easy as hummingbirds.
Another example of this is how bees and wasps play a larger role specifically in fruit
orchards versus other species of pollinators (Singh, Adhikary 159). Bees are the main
visitors of guava, mango, cherry, apple and plum trees however wasps are also visitors of
banana plants along with bees (See table 1). It is important to know which types of
pollinators favor different types of plants because this will help create a diverse pollinator
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garden which will fill the needs for various pollinators. Although there are many types of
pollinators, the main type of pollinator that is most commonly seen is the bee. When
studying multiple flower species and analyzing the number of visits from each type of
pollinator, most visit numbers come from honeybees and bumble bees (See Figure 2).
Bees may be a more commonly spotted pollinator, however other types of pollinators are
able to perform duties that bees alone may not be equipped to do.
When creating a pollinator garden, it is essential to provide for the basic needs of
pollinators. There is research that must be done in order to make sure that plants being
placed will benefit pollinators greatly with shelter and food. When considering how a
pollinator’s shelter need can be met, it is important to analyze the various stages of
pollinators. Specifically, the stages of pollinator development all require different nesting
and feeding sites, therefore making it necessary to manage the area in and around the
crops to ensure the pollinators are present (Patricio-Roberto et al. 166). In the larvae
stage, diverse types of pollinators need specific growing conditions. For example, bee
larvae nest mostly underground or in wood or other sheltered places; Hummingbirds nest
in soft-textured areas found in trees or shrubs, and bats nest in warm, narrow spaces”
(See Table 2). These are all fairly broad needs for the early aged pollinator; however,
butterflies are different. According to Embry, butterflies require certain plants to be able
to successfully make it through the larval stage (37). This concept is something that may
often times be forgotten, but when we think of Monarch butterflies, we tend to remember
the time in elementary school we first learned about butterfly life cycles and how
caterpillars rely on milkweed as their main food source. Although this is something that
is taught to most children when learning about the life cycle of butterflies, it is often
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neglected when educating adults about pollinators. Some effortless ways to address this
concern for shelter are adding pollinator encouraging plants in gardens, leaving small
amounts of leaf litter lying around, or even hanging wood bee houses. Creating bee
houses or artificial nests is a way to attract bees to urban or farm environments (Rahimi
2). Bee houses, or in this study, “bee hotels” are small wooden houses with small tube
holes for the bees to enter and have shelter from the elements (see Figure 3). This is an
easy way to supplement shelter in a pollinator garden to further encourage the survival
and reproduction of pollinators.
Furthermore, when discussing shelter needs of pollinators, pesticide use should be
addressed. Pesticides are extremely harmful to pollinators and should be avoided in
pollinator gardens and surrounding areas. Specifically, neonicotinoids are insecticides
that are debated to have mild to extreme effects on pollinators. Neonicotinoids are
chemicals like imidacloprid, thiamethoxam, and clothianidin (English 1). Specifically,
neonicotinoids block receptors to the neurotransmitter acetylcholine, which can cause
insect paralysis and death (Stokstad 674). This type of pesticide is translocated through
tissues, which means it can affect pollinators through the flowers, specifically the
products of flowers like nectar, seeds, or pollen. According to English, neonicotinoids are
especially harmful to the environment due to their high water solubility and persistence in
soils and plants (1). This means that neonicotinoids can still be present and spreading
through the water for a period of time following the application of the pesticide. One type
of pollinator that is drastically affected by this type of pesticide is bees. In particular, due
to bumblebee colonies being smaller, this could have a drastic impact on their population
compared to honeybees, which have larger colonies (Stokstad 675). Although most bees
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do not consume a large enough amount to immediately kill them, neonicotinoids have
drastic sub-lethal effects. These effects include reduced learning ability, foraging ability,
and homing ability (Goulson 7). Although they are not lethal effects, these may as well
be considered as such. This is due to the nature of bees to leave behind members of the
colony that are not performing effectively. Bees that get lost or cannot collect food for the
hive are basically cut off from the colony (Goulson 7). Furthermore, there are also
extreme effects of neonicotinoids that can be seen in hummingbirds. Hummingbirds are
very vulnerable pollinators, and this pesticide has an effect on their metabolism and
energy output which directly impacts their ability to succeed during breeding seasons and
be able to provide territorial defense (English 2). This is problematic because
hummingbirds use quite a large amount of energy during the day and if this source of
energy is not there for them to use then they will likely not be able to survive and
reproduce. Not being able to reproduce or protect themselves is a lethal effect, even
though it is not directly lethal just like with bees. Overall, neonicotinoids are a specific
type of pesticide that have extremely harmful, even lethal effects on pollinators. It is
important to avoid using pesticides, if possible, in a pollinator garden to keep the
pollinators safe and avoid non-knowingly killing them.
Another harmful effect on shelter is intense agricultural production. When trees are
removed, or fields are plowed to create more room for crops, this further narrows down
the opportunities for pollinators to find a safe haven. Another issue is habitat
fragmentation which can be defined as habitat alteration due to agriculture, grazing and
cutting of forests resulting in habitats being broken up into smaller segments known as
fragments (Spira 79). Habitat fragmentation in semi-natural habitats and land use
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intensification in agricultural landscapes both have the result of pollinator decline if these
two factors are increased (See Figure 4). However, there are some species that are still
able to cope with this loss (Macdonald et al. 262). As the authors state in the article, “In
agriculturally dominated landscapes, patches of non-crop vegetation such as hedgerows
may be important for sustaining pollinator populations” (Macdonald et al. 262). This is
important because even though there are crops that take up much of the field, hedgerows
with shrubs or other plants can be used to provide shelter for pollinators. Pollinators are
able to hide in the foliage or soil to protect themselves and their offspring. Without these
hedgerows, pollinators will be unable to find a place to rest, which further indicates
issues with reproduction, due to not having a place for the offspring to develop and grow
into an adult. This particular issue can further be illustrated in the figure, which shows
how pollinators nesting areas have been damaged or taken away altogether because
agricultural production has removed the resources available for the pollinator, such as
flower rewards needed to survive (See Figure 5). In contrast, urbanization could still
support cavity nesters through trees and wood buildings that would allow them to still
have areas to nest, however ground nesters would still face the issue of finding a place to
raise their young due to soil compaction and paving (Kremen et al. 1227). If pollinator
populations diminish, this will result in the loss of plants that are common only to
specific areas (Chauhan 883). This is another example of the chain of events that is
caused by a decline in pollinator reproduction and population.
Along with shelter, the main need for pollinators is nectar. Nectar is found in flowers,
which means the pollinator garden must be composed of a variety of colorful, blooming
plants. Although all flowers do provide a good source of nectar for pollinators, the
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pollinators themselves do have preferences. There are certain cultivars of plants that are
more accessible and appealing to them, just like humans have favorite foods.
Specifically, pollinators seem to prefer natural-occurring plants that are not bred for
human aesthetics, which tends to skew their interest (Erickson et al. 6). As the authors
state in the study performed, “There are concerns that selective breeding for aesthetic
value to humans may have reduced the attractiveness and nutritional value of ornamental
plants for pollinators” (Erickson et al. 6). When breeding plants for aesthetics, the focus
is on the appearance of the plant. This means that other aspects of the plant, like the
nutrients available and the appealing nature of the plant to pollinators, may be
compromised in the process. Pollinators are generally attracted to vibrant, large flowers
that they can see well. If the genetics of the plants are changed to accommodate human
wants, then this could change the interest of pollinators altogether. By incorporating
natural species of plants in pollinator gardens, the pollinators will be able to reap the full
benefits of the nutrients in the nectar (Erickson et al. 6). Not only does the look of plants
attract pollinators, but there are also scents that attract certain pollinators. Leslie Real and
Bastiaan Meeuse state, “Fragrance is characteristic of flowers that are pollinated by bees,
butterflies, and hawkmoths, whereas carrion or dung odors are produced by flowers that
cater to certain beetles and flies” (1) When flowers produce different scents, it will be
possible to attract a variety of pollinators based on a mixture of flower fragrances.
As previously stated, pollinators tend to gravitate towards specific characteristics
of flowers, which is important to consider when creating a pollinator garden. These
characteristics include flower size, color, arrangement of reproductive structures, and
reward properties (Roguz et al. 1). Larger flowers will have more nectar than smaller
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flowers, so these will be highly preferred by pollinators. The more sugar content in nectar
available, the more visits by pollinators that plant will be able to get (See Figure 6).
Furthermore, different pollinators also have different preferences, and when creating a
pollinator garden there should be a mixture of plants to accommodate all of these needs.
For example, studies show that hummingbirds base their interaction off of flower color,
while bees look for sepal color (Roguz et al. 1). However, there are other ways in which
pollinators choose which plants to visit other than just the appearance. Plants send floral
signals to signify the nectar reward of the plant, which pollinators use to decide whether
to visit plants or find a greater reward elsewhere (Sun et al. 1). This can further be
illustrated in the figure that shows the steps that pollinators go through in order to choose
the flower with the most optimal reward (See Figure 7). In figure 7, it shows how
pollinators are still visiting plants even if they are not signaling, which may produce a
reward but could take more time due to not utilizing the plant signals (Sun et al. 4).
Contrary to this idea, there is an alternative method pollinators use which is only visiting
plants that are producing floral signals, which is shown in the figure (See Figure 8). In
this method, pollinators specifically seek out plants that produce signals, and if a plant is
not signaling then they start back at the beginning (See Figure 8). Overall, in this study,
pollinators visited the high-frequency plants with a high yield of reward when they were
available, however when the high-frequency plants were rare, pollinators chose lowfrequency plants without discrimination (Sun et. al 7).
During the design phase of a pollinator garden, it is important to consider all of the
aspects discussed previously- nectar content, flower size, and flower color. Furthermore,
there is also an interesting part of plants that can be observed for effectiveness as well.
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Volatile organic compounds (VOCs) are chemical signals given off by plants that protect
plants from disease, stress and predation, have allelopathic effects, help plant growth and
development, but most importantly attract pollinators (Schweitzer 166). Specifically, as
Schweitzer states in her study, “Other plant candidates for pollinator gardens or prairie
strips were searched in the literature for VOC data and their medicinal properties and the
final data set includes eight flowering plants: bee balm, echinacea, catmint, prairie rose,
lavender, thyme, oregano and red clover that produce over forty monoterpenes,
sesquiterpenes and their (alcohol, aldehyde) derivatives, which have antioxidant, antiinflammatory, antimicrobial/antibiotic, antifungal, antiviral properties and some are
acaricidal which may help honey bees fight Varroa mites and diseases carried by them”
(168). There are many diverse types of properties found in plants that are beneficial for
pollinator health altogether. In the table, it breaks down the beneficial properties of each
plant, which is helpful when planning a pollinator garden (see table 3). Not only can we
help pollinators by providing shelter and nectar, but also, we can ensure they are healthy
by planting species that have medicinal amounts of VOCs. Just as humans use herbs for
medicine, pollinators are able to also have medicinal benefits through the plants that they
visit. It is important to include these types of plant species in pollinator gardens to not
only help pollinators survive but also thrive in their environment.
In a pollinator garden, there are other types of plants that are just as important as
flowers. A good mix of trees and shrubs in a pollinator garden can provide purposes that
could not be fulfilled exclusively by flowers. Trees are able to provide a more abundant
amount of food to make foraging easier for pollinators (Shea 12). With a larger area of
leaves and canopy space, this allows for complex communities of pollinators to benefit.
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There is shelter and also a plethora of food for all growing pollinators. This makes it
easier for all organisms to have their needs met all in one place and focus on growth and
development rather than foraging. Also, in Shea’s article she states, “Early-flowering
willows and maples provide nectar and pollen when other sources are not available” (12).
By providing some of the first food sources, this helps pollinators be able to develop and
reproduce more generations. Winter is when most sources of food are not available and
due to these types of trees producing nectar earlier than others, it allows the pollinator’s
growth season to be extended. When the growth season is longer, this means there will be
more offspring and will increase pollinator populations overall. By including a variety of
trees and shrubs in pollinator gardens paired with flowers, it could produce more future
generations of pollinators than flowers alone.
Specifically, when choosing different species of plants to implement in a pollinator
garden, there is much debate over whether native or non-native plants should be used.
One study shows how monarch and gulf fritillary abundance was higher among native
plants due to greater floral displays and more attractive host plant species for monarchs
(Majewska et al. 388). However, there is also evidence in a different figure that shows
how abundance of adult butterflies was higher in exotic areas with high weed
maintenance (See Figure 9). Furthermore, non-native plants, along with well-managed
vegetation, can have powerful effects on urban areas by promoting changes in
community-level plant phenology and pollinator phenology (Harrison et al. 879). These
ideas illustrate that native plants may not always be the way to attract pollinators and that
the exotic plants that are planted instead could be preferred, it is just dependent on the
specific area and population of pollinators present.
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On the contrary, there are also studies showing that native or naturalized plants get
more visits from pollinators than non-naturalized plants (Razanajatovo et al. 109). The
“alien plant species” being referred to are exotic plants that are not native to the area and
becoming naturalized means that they have been able to establish self-sustaining
pollinator visits in order to adapt to the same environment as native plant species
(Razanajatovo et al. 109). Specifically, this study shows that alien plants that have not
become naturalized may be pollinator limited due to not getting as many visits as native
or naturalized plants (Razanajatovo et al. 115). In the illustration, it shows the general
trend of different types of pollinators that are visiting each type of plant and most of them
do prefer native or naturalized plants (See Figure 10). Although there are some outliers,
such as flies and hoverflies, the majority choose the natural or naturalized type of plant,
which could be one indication of the plant species to include in pollinator gardens to get
the most visits (See Figure 10). Another study supporting native plant usage took place at
Canterbury farms in New Zealand. This study found that increasing the heterogeneity and
abundance of flowering species, specifically native plants, will increase wild pollinator
abundance, diversity, and increase pollination services on the farm altogether (Macdonald
et al. 266).
Along with choosing plant species, planning a pollinator garden also encompasses the
size and design of the garden. Although some may believe that farmland with flowering
crops attracts the most pollinators and can provide for them more efficiently, studies have
shown that pollinators that are foragers prefer smaller patches of area with many types of
anthropologically introduced plants (Cussans et al. 9). Even if there are larger areas of
land and more plants, bees and other pollinators specifically look for characteristics of
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plants that produce the greatest flower reward, which can be shown in the graph (See
figure 11). As previously stated, the characteristics of plants that are most preferred are
greater floral displays and more attractive species (Majewska et al. 388). Pollinators are
maximizing their foraging ability in this way to save time. It is an easier task to visit a
small location with a plethora of flower rewards versus a vast area with scattered
rewards. This is an additional example of the qualitative over quantitative decisionmaking skills of pollinators, and how this information should be incorporated into the
planning phase of a pollinator garden.
The best way to create a pollinator garden is not only by including preferred pollinator
plants, but also designing the garden closely to pollinator’s natural environment. There is
not as much of this information that has been studied at the moment, which makes it
more difficult to incorporate into a modern pollinator garden. As stated by Betts, Hadley,
and Kormann, “The slow update of landscape ecological approaches and theory in
pollination ecology may be at least partly due to the challenges of measuring and then
modeling interactions between multiple trophic levels at broad scales (964). This is an
area where there is an opportunity for human growth and education that could benefit
pollinators. When more approaches to conserving pollinator populations are studied and
found to be successful, it is crucial that this information is provided to the public so that
changes can be made appropriately. This global issue of pollinator population decline is
not something that can be put off for another day. It is important that scientists,
advocates, and anyone possible is making efforts to bring awareness to the situation,
which includes studying the best ways to provide for pollinators and educating people on
the results.
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Educating the public is critical to conserving our pollinators for generations to come.
Most people are unaware of the true effect pollinators make on the world as we know it.
Due to this, when people hear “save the bees”, they just think it does not apply to them
and it is not a life-threatening issue. However, when examining all the foods that could be
lost without pollination, it brings a new perspective to old misconceptions. As Timothy
Walker said, “We already have enough information to make conservation effective, but
we also need to engage with nature and to develop a sense of belonging and
responsibility for the past, the present and the future” (215). When beginning to find
ways to bring awareness to pollinators, it is important to make a connection with humans
about how pollinators directly have an effect in their life. This can be done through
conferences, education booths at public events, nature centers, and even through
everyday conversation with friends who may not be aware of the pollinator crisis. Also,
pollinator education can even be developed further into elementary, middle and high
schools. It is important that educators, especially in the science fields, are implementing
information about pollinators into lessons. Students may know the life cycle of a
pollinator, however it is just as important, if not more, to know the benefits of pollinators
and how they are becoming scarcer in the world. An example of a pollinator lesson by
Julie Reynolds consists of educating students about pollinator preferences in flowers,
specifically color and reproductive structures, and then having students create the
“perfect flower” to attract a pollinator (See Figure 12). Early education is so crucial
because it allows children to grow up with a perspective that is conscious of the world
around them and how they can make a difference to improve it. Also, educating children
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allows for an educational opportunity between the child and their parent, who may not
know as much information about pollinators.
Nature centers and public parks are also an avenue to bring awareness to pollinators
and educate the public. A way that existing nature areas or parks can encourage education
on pollinators is by labeling pollinator plants in a garden or other area. It is common to
see more and more pollinator gardens being created in public parks, which is an
important initiative to begin a larger education campaign. Labelling these gardens and
specific plants can help the visitors be encouraged to make their own pollinator garden at
home. Specifically, it would be interesting to provide a description below the labelling of
the name as to how the plants have a beneficial impact on pollinators. As Helen Anderson
states, “Furthermore, we know that this process can lead to remarkable changes in garden
management and initiation of positive environmental actions by individuals” (6). A small
start can have great results in the future. If visitors were to go home and even plant one
pollinator plant they saw labelled at a park, then this could potentially create a ripple
effect. When guests are at the house or the family posts a picture of their weekend
pollinator garden project on social media, other people will see how they could also do
this easily and have a positive effect on the environment. Educating just one person could
have the potential to grow into a movement to save our pollinators.
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